Introduction
Tight junctions are one of the epithelial junction complexes, which play a critical role in establishing and maintaining epithelial cell polarity and integrity (1) . Structurally, tight junctions are composed of a belt of anastomosing strands of proteins and lipids surrounding the lateral membrane of epithelial cells (2) . The created barrier regulates paracellular movement of water and solutes across epithelia (1, 2) . There functions can be determined by measuring transepithelial electrical resistance (TER) across the epithelial cell monolayer (3) . Decreased TER accompanied with increased permeability has been found in various pathological conditions, which is an indication of loss of epithelial barrier function (1) (2) (3) .
The backbones of tight junctions are a group of integral membrane proteins known as claudins (4) . Currently, 24 claudin proteins including tight junction-related proteins occludin and zonulae occludens protein-1 (ZO-1) have been identified (2, 4) . According to their in vivo distribution and functional experiments, several claudins including claudin-1 and -4, are considered to increase, whereas other claudins, especially claudin-2, are indicated to decrease TER (2) (3) (4) . Dynamic regulation of tight junction function is fundamental to many physiological processes (1) (2) (3) (4) . Disruption of tight junctions is also a hallmark in epithelial cancer development and malignant progression (5) . Altered expression of claudins such as loss of claudin-1 expression or overexpression of claudin-3 and -4 is correlated with enhanced invasive and malignant transformation of certain epithelial cancers (6) (7) (8) (9) . Clinically, changes in claudin expression are strong prognostic indicators for certain invasive cancers (6) (7) (8) . Thus, determining the roles of claudins in cancer pathogenesis should provide insight into the mechanisms underlying tumor progression toward malignancy.
Recepteur d'origine nantais (RON) is a transmembrane protein belonging to a subfamily of receptor tyrosine kinases, which include MET and C-Sea (10) . RON is mainly present in epithelial cells and regulates cell differentiation, growth, migration and survival (11) . Immunohistochemistry of tumor tissue microarrays has recently revealed that RON is overexpressed in significant numbers in primary cancer samples derived from pancreas (33%), bladder (36%), skin (37%), thyroid (42%), lung (48%), colon (51%) and breast (56%) (12) . In the event of epithelial cell transformation and tumorigenic progression, altered RON expression often displays constitutive phosphorylation and activation of downstream signaling pathways including mitogen-activated protein (MAP) kinase and phosphatidylinositol-3 kinase (11) . The signaling cascades lead to cell dissociation and morphological changes with increased motile-invasive phenotypes known as epithelial to mesenchymal transition (11, 13) . Epithelial to mesenchymal transition is featured by the loss of epithelial phenotypes and the gain of mesenchymal markers such as expression of vimentin and smooth muscle actin-a and increasingly recognized a process essential for cancer invasion and metastasis (14, 15) . Overexpression of RON is also accompanied with generation of various RON variants (16) . Currently, six RON variants, produced mainly by alternative pre-messenger RNA splicing process, have been identified in different types of cancer cells (16) . RON160, a constitutively active variant (17) , is a typical example. The protein is produced by a RON messenger RNA transcript through alternative splicing that eliminates 109 amino acids in the RON extracellular domain (17) . These amino acids are encoded by exons 5 and 6, which constitute the part of the extracellular domains of the RON b-chain (18). The deletion results in conformational changes leading to constitutive tyrosine phosphorylation (17) . Studies in vitro and in vivo have shown that RON160 is an active variant capable of regulating various tumorigenic activities (17, 19, 20) .
The present work is to study the roles of tight junction protein claudins in RON-mediated cell motile activities. Martin-Darby canine kidney (MDCK) cells were used as a model because of their typical epithelial phenotypes and intact junction structures. We demonstrated that activation of RON disrupts tight junctions with impaired transcellular resistance. These activities were mediated through differential regulation of claudin expression, which is featured by inhibition of claudin-1 expression and intracellular redistribution of claudin-3 and -4. Additional evidence indicated that inhibition of claudin-1 expression is a critical event involved in RON-mediated cell migration. Thus, differential regulation of claudin expression and distribution is a mechanism underlying RON-mediated cell migration in epithelial cells.
previously (19) . Expression of RON or RON160 was determined by western blot analysis. Human breast cancer cell lines Du4475, T-47D and BT-483 were from American Type Culture Collection (Manassas, VA). Mouse monoclonal antibodies to claudin-1, -3, -4, -7 and ZO-1, respectively, were from Zymed (San Francisco, CA). PD98059 (PD), SB203580 (SB) and wortmannin (WT) were from Calbiochem (San Diego, CA). Luciferase reporter vector pGL3-CLD1p (containing a human claudin-1 promoter sequences) (21) and pGL3-CLD4p (containing a human claudin-4 promoter fragment) (22) were kindly provided by Drs S.Vilaró (University of Barcelona, Barcelona, Spain) and P.J.Morin (National Institutes of Health, Bethesda, MD), respectively. Generation of a human claudin-1 promoter fragment with double mutations in the conserved two E-boxes sequences was carried out using polymerase chain reaction techniques as reported previously (17, 21) . The core 5#-CA(G/C)(G/ C)TG-3# sequences of the E-boxes (E1 and E2) in the claudin-1 promoter sequences was mutated to 5#-TG(G/C)(G/C)TG-3# (21) . The mutated fragment was then inserted into the pGL3 luciferase reporter vector (designated as pGL3-CLD1pM1-2). An expression vector containing human claudin-1 cDNA (pCDNA3.1-CLD1) (23) was provided by Dr Weeraratna (National Institutes of Health).
Measurement of TER
Cells (2 Â 10 5 cells) were seeded on a polycarbonate filter with a pore size of 0.4 lm and allowed to attach for 24 h to form a monolayer. Before stimulation, cells were washed in phosphate-buffered saline and then stimulated at 37°C for 15 min with macrophage-stimulating protein (MSP) (2 nM) with or without inhibitors such as PD98059 (50 lM), SB203580 (20 lM) or wortmannin (100 nM). A Millicell-ERS volt-ohm meter (Millipore, Temecular, CA) was used to determine TER value in each sample (24) . Final TER values were calculated by subtracting blank value and normalized for the area of the filter.
Cellular protein preparation and western blot analysis Preparation of Triton X-100 soluble or insoluble proteins was carried out according to a published protocol (24) with slight modification. Briefly, cells were lysed in lysis buffer (24) and centrifuged at 13 000 r.p.m. for 20 min. Supernatant was collected as the soluble fraction. The insoluble fraction was obtained by dissolving the pellet in solubilization buffer (10 mM 2-[4-(2-hydroxyethyl)-1-piperazinyl] ethanesulfonic acid, pH 7.2, 1% sodium dodecyl sulfate, 100 mM NaCl, 2 mM ethylenediaminetetraacetic acid and various proteases inhibitors) and then subjected to repeated sonication pulses. After a short incubation, samples were centrifuged at 13 000 r.p.m. for 20 min. The resulting supernatants were used as the insoluble fraction. Equal amount of proteins were separated in 10% sodium dodecyl sulfate-polyacrylamide gel electrophoresis under reduced conditions and transferred to Immobilon-P membrane (Millipore, MA). Individual proteins were detected by western blot analysis using specific antibodies as described previously (17) . The same membrane was also stripped and reprobed with anti-actin antibodies to ensure the equal sample loading (17) .
Immunofluorescent staining
The method was performed as described previously (13) . Cells cultured in coverslip were fixed with 3.7% formaldehyde in phosphate-buffered saline and then treated with 0.2% Triton X-100 in phosphate-buffered saline for 10 min. After blocking non-specific binding, cells were incubated with antibodies specific to claudin-1, -3, -4, -7 or ZO-1 followed by secondary antibodies conjugated with fluorescein isothiocyanate. Fluorescent staining was observed under an Olympus microscope equipped with fluorescent apparatus and photographed with a digital camera.
Luciferase report assays for claudin promoter activities MDCK, MDCK-RON or MDCK-RON160 cells in a six-well plate were transfected with 3 lg of pGL3-CLD1p, pGl3-CLD1pM1-2 or pGL3-CLD4p as described previously (25) . The control vector pRL-SV40 (Promega, Madison, WI) was used for normalization of transfection efficiency. After a 48 h incubation, cells were lysed and assayed for luciferase activities using a Turner Designs Luminometer TD20/20 (Promega).
Cell migration assays
Two methods were used. One is the use of a 48-well migration chamber to determine cell migration in response to MSP stimulation (19) . Polycarbonate membranes (Neuro Probe, Gaithersburg, MD) were coated with 50 lg/ml type IV collagen. Cells transfected with pCDNA3.1-CLD1 or control vector were used. Migrated cells were determined after cells were incubated for 24 h. The other is the wound-healing assay, in which a wound area was created in a cell monolayer by a plastic tip (26) . After MSP stimulation for 12 or 24 h, the percentages of open spaces covered by migrated cells were determined.
Results

Activation of RON or RON160 decreases E-cadherin and claudin-1 expression in MDCK cells
RON or RON160 expression and activation in MDCK cells ( Figure  1A ) results in diminished E-cadherin expression and increased vimentin accumulation ( Figure 1B and C). As expected, these activities were also seen in MDCK cells expressing active variant RON160 with constitutive tyrosine phosphorylation ( Figure 1A and B). Morphological changes accompanied with reorganization of actin were also seen in RON-or RON160-expressing cells ( Figure 1C ). These results suggest that RON or RON160 expression regulates adherens junctions in MDCK cells.
To determine if tight junctions are regulated, we studied claudin expression by western blot analysis. Among five proteins analyzed, a significant reduction of claudin-1 expression was observed in RON160-expressing MDCK cells but not in MDCK-RON cells ( Figure 1D ). However, when MDCK-RON cells were stimulated with MSP for a prolonged period (up to 24 h), the levels of claudin-1 were reduced. MSP stimulation of MDCK-RON cells also caused a moderate but statistically significant increase of claudin-3 and -4 expression. The moderate increase was also seen and statistically significant in MDCK-RON160 cells. No effects on claudin-7 and ZO-1 expression were observed (data not shown). These results suggest that MSP-induced RON activation differentially regulates claudin expression in MDCK cells.
Activation of RON or expression of RON160 reduces the overall TER
TER is a functional feature reflecting the structural and biological integrities of tight junctions (1). We measured TER to see if reduced claudin-1 expression impairs tight junctions. As shown in Figure 2A , levels of TER in control MDCK cells were not affected following treatment of MSP or individual inhibitors. However, a decrease of TER was observed in MSP-stimulated MDCK-RON cells. Decreased TER was also seen in MDCK-RON160 cells ( Figure 2B ), in which RON160 is constitutive active ( Figure 1A ). These results suggest that RON activation is required to decrease TER. Next, the effect of small chemical inhibitors on RON-mediated TER reduction was assessed. Among three inhibitors used, only PD98059, a specific MAP kinase inhibitor, prevented the MSP-induced TER reduction in MDCK-RON cells. No effect of SB203580 or wortmannin was observed.
To determine if diminished claudin-1 expression is responsible for reduced TER, MDCK-RON160 cells were transiently transfected with pcDNA3.1 vector containing the full length of claudin-1 cDNA. The forced expression of claudin-1 ( Figure 2B ) partially recovered the TER activities, suggesting that reduced claudin-1 expression is responsible for the reduced TER. Thus, MSP-dependent or -independent RON activation reduces TER in MDCK cells. The impaired tight junction functions are associated with activation of MAP kinase and reduction of claudin-1 expression.
MSP-induced RON activation differentially regulates claudin expression in a time-dependent manner
To study the inhibitory effect of RON on claudin expression in more detail, claudin expression at different time points after MSP stimulation was determined in MDCK-RON cells. MDCK-RON160 cells with diminished claudin-1 expression served as the positive control. Results in Figure 2C show that the inhibitory effect of MSP was seen as early as 12 h after cells were stimulated by MSP. More than 90% of inhibition was achieved 24 h after MSP stimulation, which lasted up to 72 h. Moreover, increased claudin-3 or -4 expression (up to 2-fold of increase) was also observed. In contrast, no changes were seen at levels of claudin-7 and ZO-1. These results suggest that RONmediated inhibition of claudin-1 is significant and long lasting. The effects of MSP on upregulation of claudin-3 and -4 expression were relatively moderate.
Claudin-1 in RON-mediated cell migration
Activation of extracellular signal-regulated kinase 1/2 MAP kinase is required for RON-mediated inhibition of claudin-1 expression To determine signaling proteins involved in the inhibitory activities, MDCK-RON cells were stimulated with MSP for 24 h in the presence or absence of small chemical inhibitors such as PD98059, SB203580 and wortmannin. Results in Figure 2D show that MSP-induced extracellular signal-regulated kinase 1/2 (Erk1/2) phosphorylation is associated with diminished claudin-1 expression. Inhibition of Erk1/2 phosphorylation by PD98059 resulted in reexpression of claudin-1. PD98059 also inhibited the moderately increased claudin-3 and -4 in MSP-stimulated cells. Phosphorylation of AKT and p38 MAP kinase was observed in MSP-stimulated cells; however, their activation was not involved in the inhibitory effect because wortmannin or SB203580 did not show any modulating effect (data not shown).
The involvement of Erk1/2 was also evaluated in MDCK-RON160 cells, in which Erk1/2 is constitutively active ( Figure 2E ). Again, treatment of cells with PD98059 resulted in reappearance of claudin-1. PD98059 also showed regulatory effects on claudin-3 and -4 expression. Levels of claudin-3 and -4 were significantly reduced after Erk1/2 was inhibited by PD98059. No regulatory effects were observed in cells treated with SB203580 or wortmannin. Thus, activation of Erk1/2 is correlated with the inhibitory effect of RON or RON160 on claudin-1 expression.
Ligand-dependent or -independent RON activation differentially regulates the promoter activities of claudin-1 and -4 To determine if diminished claudin-1 expression is manifested at the transcriptional level, MDCK, MDCK-RON or RON160 cells were transiently transfected with luciferase reporter vectors containing the promoter fragments of claudin-1. Cells transfected with vectors containing human claudin-4 promoter sequences were also analyzed. Results in Figure 3A showed that luciferase activities driven by the claudin-1 promoter was significantly reduced when MDCK-RON cells were stimulated with MSP. The reduced luciferase activities were also seen in MDCK-RON160 cells. However, when cells were transfected with the claudin-1 promoter containing mutations in the two E-boxes (claudin-1 and M1-2), the inhibitory effect of activated RON or RON160 on luciferase activities was diminished. Luciferase activities driven by the claudin-4 promoter was slightly upregulated in unstimulated MDCK-RON cells but increased when MSP was used. The increased claudin-4 promoter activities were also observed in MDCK-RON160 cells. Thus, activation of RON or RON160 inhibits the claudin-1 promoter transcription but enhances claudin-4 promoter activities.
Increased Snail expression correlates with RON-mediated inhibition of claudin-1 expression Transcription factor Snail-1 has been shown to inhibit claudin-1 transcription in MDCK cells (21) . To see if RON activation increases Snail-1 expression and if such increase correlates with claudin-1 inhibition, MSP-induced Snail-1 expression was studied. MSP-induced RON activation results in increased Snail-1 expression in a timedependent manner ( Figure 3B ). The induction was peaked at $4-6 h after MSP stimulation and lasted up to 24 h. This time course is $6 h ahead of RON-mediated inhibitory activities, suggesting that increased Snail-1 expression is associated with diminished claudin-1 expression. 
Activation of RON or RON160 differentially regulates cellular localization of claudins
The intracellular redistribution of claudins is a mechanism that determines tight junction functions (3, 4) . Analysis of claudins in Triton X-100 soluble or insoluble fractions is a way to determine if RON activation affects claudin distribution and localization (24) . In MDCK or MDCK-RON cells, claudin-1, -3, -4 and ZO-1 are mainly in the insoluble protein fraction (Figure 3C ), indicating their membrane localization. Claudin-7 is mainly in the soluble fraction or cytoplasmic distribution. When MDCK-RON cells were stimulated with MSP, the amount of claudin-1 in the insoluble fraction was reduced. Accompanied with this change were the increased amounts of claudin-3 and -4 in the soluble fraction, indicating the redistribution of these two claudins. No changes were seen in claudin-7 and ZO-1. By inhibiting Erk1/2 activities, PD98059 was able to prevent MSP-induced reduction of claudin-1 in the insoluble fraction. PD98059 also prevented the increased accumulation of claudin-3 and -4 in the soluble fraction. No effect of SB203580 or wortmannin was seen (data not shown). Thus, RON activation not only inhibits claudin-1 expression but also regulates claudin-3 and -4 distributions with increased cytoplasmic localization.
To validate these results, immunofluorescent analysis was performed. Results in Figure 3D Diminished claudin-1 expression is involved in RON160-mediated migration activities MDCK or MDCK-RON160 cells were transfected to express human claudin-1. As shown in Figure 4A , moderate increase of claudin-1 (almost 1-fold) was observed in transfected MDCK cells. Claudin-1 expression, comparable with parental MDCK cells, was also seen in MDCK-RON160 cells ( Figure 4A ). Using these cells in woundhealing assays, it was shown that RON160 expression resulted in increased migration of MDCK cells. Almost all open spaces were covered by migrated cells within a 24 h period ( Figure 4B ). In contrast, cell migration was slowed down when claudin-1 was reexpressed in MDCK-RON160 cells. In this case, only half of the open space was filled. To validate these activities further, the chamberbased cell migration assay was performed ( Figure 4C ). Consistent Figure 4D , suggesting that reduced claudin-1 expression is involved in RON-mediated migration of MDCK cells.
Effect of RON activation on claudin-1 expression and cell migration in breast cancer T-47D cells
Results from above studies prompted us to study if the effect of RON on claudins occurs in cancer cells. As shown in Figure 5A , among three RON-positive breast tumor lines tested, only T47-D cells expressed claudin-1 ( Figure 5A ). After MSP stimulation, claudin-1 expression was progressively reduced in T-47D cells ( Figure 5B ), which is accompanied with scatter-like morphological changes ( Figure 5C ). MSP stimulation also resulted in increased cell migration as indicated in wound-healing assays ( Figure 5D ). Thus, inhibition of claudin-1 expression is not limited in MDCK cells. RON activation also inhibits claudin-1 expression in breast cancer such as T-47D cells.
Discussion
The purpose of this study is to study cellular proteins involved in epithelial cell migration mediated by RON or its constitutive active variant RON160. MDCK cells were chosen as the model because of their well-characterized epithelial phenotypes and junction structures. Overexpression of RON and its oncogenic variants is known to increase cell migration and invasiveness (11, 27) . These activities have been demonstrated in various cancers including those from colon, breast and pancreas (19, 28, 29) . Several structural and signaling proteins are considered as critical players in regulating these activities (11, 27) . For example, inhibition of E-cadherin expression, accompanied with disruption of adherens junctions, contributes significantly to RON-mediated invasive activities (13, 30) . The role of E-cadherin in promoting cancer motility is well documented (31, 32) . Thus, it is not surprising that regulation of E-cadherin expression is utilized as a mechanism in RON-mediated tumorigenic activities. Results from this study provided new evidence that regulation of tight junction protein claudin expression is a critical event in RON-mediated cellular motility. We showed that ligand-dependent RON activation disrupts tight junctions and impairs their functions, which is characterized by diminished claudin-1 expression, redistribution of claudin-3 and -4 and reduction in TER. These activities can be reproduced in MDCK cells expressing the constitutively active variant RON160 and in breast cancer T-47D cells. Thus, activation of RON or expression of RON160 has a fundamental impact on integrity and function of epithelial cell-cell junctions. Alterations of these cellular structures are critical components in RON-mediated tumorigenic activities that facilitate malignant progression.
As structural components of tight junctions, the overall ratio among claudins expressed in a particular cell type and their homo-and heterophilic interactions are critically important in determining the characteristics of its tight junctions (2) . These structural features are subjected to regulation under various conditions, especially during tumorigenic transformation of epithelial cells. Differential effects of growth factors such as epidermal growth factor (EGF) and hepatocyte growth factor (HGF) on regulation of claudin expression have been reported (24, 33, 34) . In MDCK cells, EGF-induced EGF receptor activation caused the inhibition of claudin-2 expression (24) . EGF stimulation also induces cellular redistribution and increased expression of claudin-1, -3 and -4 (24) . These changes were accompanied with increased transepithelial resistance across the MDCK cell monolayer (20) . In contrast, stimulation of MDCK cells with HGF resulted in an overall increase in claudin-1 and -4 expressions (24) . No major differences in claudin-2 and -3 expressions were observed (24, 33) . The patterns of claudin expression regulated by activated RON or RON160 in MDCK cells were different from those induced by EGF or HGF. MSP inhibited claudin-1 expression and caused redistribution of claudin-3 and -4. These differences may reflect the differences in signaling events mediated by their corresponding receptors. For example, both MSP and HGF induce cell dissociation, scattering and epithelial to mesenchymal transition in MDCK cells with diminished E-cadherin expression (8, 35) . MSP or HGF stimulation also caused a marked reduction in TER (33) with increased permeability, indicating the impairment of tight junctions. However, their effects on claudin-1 expression were opposite. HGF increases whereas MSP inhibits claudin-1 expression in MDCK cells. Clearly, different growth factors induce different patterns of claudin expression and distribution, which may have different biological significance.
Various mechanisms have been implicated in regulation of claudin expression, particularly claudin-1 (21, 36) . In colon cancers, Smad4, the signal component of transforming growth factor-b family, represses claudin-1 transcription through modulation of T-cell factor/ lymphocyte enhancer factor activities (36) . The Snail family of transcription factors including Snail and Slug has also been implicated as transcriptional repressors of claudin-1 in MDCK cells (21) . Results from this study indicate that activation of Erk1/2 signaling cascades is the first step required for RON to exert the inhibitory effect on claudin-1 expression. Inhibition of Erk1/2 phosphorylation by specific inhibitor PD98059 prevented the RON-mediated effect and restored claudin-1 expression. Activated Erk1/2 signaling is also involved in redistribution of claudin-3 and -4 into cytoplasmic/prenuclear compartments. Measurement of promoter activities of the claudin-1 gene has revealed that the inhibitory effect of RON or RON160 acts at transcription levels. Luciferase activities driven by the promoter of the claudin-1 gene were significantly reduced in MDCK cells expressing constitutively active RON160. By correlating expression of transcription repressors, it was reasoned that Snail is a potential factor responsible for inhibition of claudin-1 gene transcription. As shown in Figure 3B , increased Snail expression in RON-or RON160-expressing MDCK cells is inversely correlated with diminished claudin-1 expression. In contrast, Slug expression was not changed during the process of inhibiting claudin-1 expression. Previous studies have uncovered a direct link between the activation of Erk1/2 pathways with increased Snail expression (21) . As shown in MDCK cells, activation of the Erk1/2 pathway is required for transcriptional Claudin-1 in RON-mediated cell migration induction of Snail expression (21) . Moreover, overexpression of Snail downregulates claudin-1 expression at both messenger RNA and protein levels in MDCK cells (21) . In addition, Snail is able to repress effectively claudin-1-driven reporter gene constructs containing the promoter sequences. Additional evidence further demonstrated that Snail binds to the E-box motifs present in the claudin-1 promoter (21) . Results from our study showed that Erk1/2 phosphorylation and increased Snail-1 expression are associated with reduction of claudin-1 expression. However, we do not have direct evidence to show if this is the main pathway connecting RON activation and reduction of claudin-1 expression. Nevertheless, our results support a hypothesis that RON-mediated inhibition of claudin-1 expression in MDCK cells is channeled through the functions of transcription repressor Snail. Definitely, other mechanisms play a role in regulation of claudin-1 expression. Thus, it will be interest in the future to dissect the detailed cellular events underlying RON-mediated inhibition of claudin expression.
The discovery that decreased claudin-1 expression is involved in RON-mediated cell migration, not only in MDCK but also in breast cancer cells, is interesting. It reaffirms our notion that regulation of junction protein expression such as claudin-1 and E-cadherin is a general mechanism responsible for RON-mediated cell migration and invasiveness. More importantly, it demonstrated that altered claudin-1 expression is not merely a sign for dysfunction of tight junctions, but a pathogenic factor contributing to RON-mediated cancer migration. Diminished claudin-1 expression has been documented in several epithelial cancers including hepatocellular carcinomas (6) and breast cancers (8, 37) . In breast cancer samples, loss of claudin-1 expression occurs in the majority of invasive breast carcinoma cells with lymph node involvement (8, 37) . It also correlates with several clinicopathological parameters such as the short disease-free interval (8, 37) . Currently, the mechanism underlying the loss of claudin-1 expression is unknown. No genetic alterations in the promoter and coding sequences have been found in breast cancers cells (38) . It is probably that transcription repression of claudin-1 gene expression or increased protein degradation is involved in diminished claudin-1 expression. Results from our studies provide a potential explanation that RONmediated inhibition of claudin-1 expression might be one mechanism for the observed loss of claudin-1 in breast cancers cells. Since RON is highly expressed and activated in the majority of breast cancer samples and cell lines (12, 39) , it will be interest in the future to verify if indeed this is a mechanism responsible for diminished claudin-1 expression in the majority of invasive breast cancers. 
